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/DUJHLJQHRXVJDUQHWDQGRPSKDFLWHRFFXUDVHXKHGUDOJUDLQVLQFPVFDOH124 
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FOXVWHUVZLWKJDUQHWKHDY\5((HQULFKHGSDWWHUQVRYHUODSSLQJZLWKWKRVHRILJQHRXVJDUQHW125 
LQHFORJLWHDQGJDUQHWLWH*DUQHWSKHQRFU\VWVDOVRKDYHUXWLOHH[VROXWLRQDQGODFNSRVLWLYH(X126 
DQRPDOLHVFRQVLVWHQWZLWKWKHLUJURZWKIURPDKLJK7OLTXLG!&&KDSPDQHWDO127 
DQGLQFRQVLVWHQWZLWKSHULWHFWLFJURZWKIURPSURJUDGHLQFRQJUXHQWSDUWLDOPHOWLQJ128 
&ODUNHHWDO,GLREODVWLFPHWDPRUSKLFJDUQHWLVFRPPRQO\V\PSOHFWLFZLWKTXDUW]129 
IRUPVFRURQDHWRRPSKDFLWHDQGSODJLRFODVHLVKHDY\5((GHSOHWHGDQGKDVDSRVLWLYH(X130 
DQRPDO\2WKHUURFNIRUPLQJPLQHUDOVKDYHUHODWLRQVKLSVWKDWDUHDPELJXRXVEXWDUHOLNHO\131 
WRKDYHLQYROYHGDFRPELQDWLRQRILJQHRXVDQGPHWDPRUSKLFKLVWRULHVGHSHQGHQWRQVWUDLQ132 
LQWHQVLW\)ROLDWHGDVVHPEODJHVRIRPSKDFLWHJDUQHWSODJLRFODVHN\DQLWHDQGUXWLOHDUH133 
FRQVLVWHQWZLWKPHWDPRUSKLVPDWFRQGLWLRQVRIWKHRPSKDFLWHJUDQXOLWHVXEIDFLHV'H3DROL134 
HWDO&ODUNHHWDO2WKHUSRUWLRQVRIWKHIHOVLFURFNVW\SLFDOO\LQORZVWUDLQ135 
GRPDLQVKDYHLJQHRXVJUDLQVKDSHVZLWKFRPSRVLWLRQVWKDWDUHFRQVLVWHQWZLWKDSDUHQWDO136 
PDJPDFU\VWDOOLVLQJ&D±1DFOLQRS\UR[HQHZLWKRUZLWKRXWJDUQHWRURUWKRS\UR[HQH137 
&KDSPDQHWDO7KHH[WHQWRIQHRFU\VWDOOL]DWLRQLQWKHIHOVLFORZHUFUXVWDOURFNVLVWKH138 
IRFXVRIWKLVVWXG\139 
)LHOG5HODWLRQVKLSV140 
7KHSULPDU\LJQHRXVIDEULFDW%UHDNVHD7RSVLQYROYHVERWKJUDGDWLRQDODQGVKDUSFRQWDFWV141 
EHWZHHQGLVWLQFWOD\HUVLQWKHLQWHUPHGLDWHURFNVDQGWKHGHFLPHWUHVFDOHFXPXODWHSRGVWKDW142 
DUHGHILQHGE\YDULDWLRQVLQWKHSURSRUWLRQVRIJDUQHWFOLQRS\UR[HQHRUWKRS\UR[HQHDQG143 
SODJLRFODVH7KHOD\HULQJLVORFDOO\WUDQVSRVHGLQWRDPRGHUDWHO\GLSSLQJ!QRUWKZHVW144 
VWULNLQJJQHLVVLFIROLDWLRQ6ZLWKDQDVVRFLDWHG/PLQHUDOVWUHWFKLQJOLQHDWLRQSOXQJLQJ145 
WRZDUGVWKHVRXWKHDVW)LJD7KHJQHLVVLFIDEULFLVGHILQHGE\HORQJDWHDQGDOLJQHGFP146 
VFDOHJDUQHW±S\UR[HQHJUDLQFOXVWHUVLQLQWHUPHGLDWHJQHLVV³PDILFFOXVWHUV´'HIRUPDWLRQ147 
RI6IROLDLQWRFRQFHQWULFGRPHVLVQRWREVHUYHGDWWKH%UHDNVHD7RSVDQGDSSHDUWREH148 
VSDWLDOO\UHODWHGWRWKHH[WHQVLRQDO'5HVROXWLRQ,VODQG6KHDU=RQH5,6=LQ%UHDNVHD149 
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6RXQG)LJD%HWND	.OHSHLV.OHSHLVHWDO$W%UHDNVHD7RSV6IROLDDUH150 
GHIOHFWHGDURXQGFRPSHWHQWEDVLWHSRGVZLWKWKHLQWHQVLW\RIWKHOLQHDWLRQLQFUHDVLQJDZD\151 
IURPWKHSRGV)LJE'HFLPHWUHWRGHFDPHWUHVFDOHORZVWUDLQGRPDLQVFRPPRQO\RFFXU152 
LQVWUDLQVKDGRZVRIWKHEDVLFFRPSRQHQWV)LJEZKHUHLJQHRXVOD\HULQJWKDWODFNVD153 
SHQHWUDWLYHPLQHUDOOLQHDWLRQLVFXWE\6154 
 )LIWHHQRULHQWDWHGVDPSOHVZHUHFROOHFWHGIURPWKHOD\HUHGSDUWVRIWKH155 
PRQ]RJDEEURLFWRPRQ]RGLRULWLFJQHLVVIURPDULGJHWUDQVHFWDWWKH%UHDNVHD7RSV)LJD156 
7KHVDPSOHVXLWHLQFOXGHVDWUDQVLWLRQIURPURFNVZLWKVKDOORZO\GLSSLQJLJQHRXVOD\HULQJWR157 
WKRVHZLWKZHOOGHYHORSHGPRGHUDWHO\GLSSLQJ6±/IDEULFV)LJD7KHGLVWLQFWLRQRI158 
PDJPDWLFDQGWHFWRQLFIDEULFVDQGLQSDUWLFXODUWKHDVSHFWUDWLRRIPLQHUDOVGHILQLQJ/ZDV159 
XVHGWRDVVHVVVWUDLQ)LJE)OLQQ0RGDOOD\HULQJUHVXOWHGLQWKHSUHVHUYDWLRQRIWZR160 
VWUDLQVHULHVDFURVVVXEWO\GLVWLQFWSURWROLWKVDPRQ]RJDEEURWKDWUHFRUGVORZWR161 
LQWHUPHGLDWHVWUDLQDQGDPRQ]RGLRULWHWKDWUHFRUGVLQWHUPHGLDWHWRKLJKVWUDLQ'HWDLOHG162 
PDSSLQJRIWKHVDPSOHVZDVXVHGWRGHWHUPLQHWKHDUHDSHUFHQWDJHRIHDFKSURWROLWKDQG163 
VWUDLQW\SHDFURVVWKH%UHDNVHD7RSWUDQVHFW)LJE$SSUR[LPDWHO\RIWKHRXWFURS164 
LQYROYHGPRQ]RJDEEURLFJQHLVVWKDWUHFRUGVODUJHO\ORZVWUDLQPDJQLWXGH,WWUDQVLWLRQVLQWR165 
LQWHUPHGLDWH/±6IDEULFVLQaRIWKHRXWFURSDUHD+LJKVWUDLQPRQ]RGLRULWLFJQHLVV166 
PDUNHGE\OLQHDU/!6IDEULFVDQGFRURQLWLFJDUQHWGHYHORSPHQWFRYHUVaRIWKH167 
RXWFURSDUHD3URWROLWKVWRWKHVH]RQHVDUHSUHVHUYHGDVLQWHUPHGLDWHVWUDLQOD\HUVLQRQO\168 
RIWKHRXWFURS$VHULHVRIIRXUVDPSOHVZHUHVHOHFWHGIRUGHWDLOHGSHWURJUDSKLFDQG169 
PLFURVWUXFWXUDOLQYHVWLJDWLRQ)LJD170 
0(7+2'6171 
2SWLFDOSHWURJUDSKLFDQGPLFURVWUXFWXUDOREVHUYDWLRQVZHUHFRXSOHGZLWKIRFXVHGDUHDVRIF172 
[PPDQGODUJHVFDOHDUHDVRI[FPTXDQWLWDWLYHFU\VWDOORJUDSKLFRULHQWDWLRQ173 
PDSSLQJXVLQJWKHHOHFWURQEDFNVFDWWHUGLIIUDFWLRQ(%6'WHFKQLTXH3ULRUHWDO174 
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0LQHUDOFKHPLFDODQDO\VLVZDVXQGHUWDNHQRQWKHVDPHVDPSOHVDQGZLWKLQWKHUHJLRQRI175 
(%6'PDSSLQJ$OOWKLQVHFWLRQVZHUHSUHSDUHGSHUSHQGLFXODUWRWKHIROLDWLRQ;<SODQH176 
DQGSDUDOOHOWRWKHOLQHDWLRQ=GLUHFWLRQ$VSHFWUDWLRV$5 ORQJVKRUWD[HVRIPDILFJUDLQ177 
FOXVWHUVRQSODQHVSDUDOOHOWRWKHOLQHDWLRQ;=SODQHZHUHXVHGWRTXDQWLI\VWUDLQLQWHQVLW\178 
WRJHWKHUZLWK' ¥>OQ;<OQ<=@)LJEIROORZLQJ)OLQQ179 
4XDQWLWDWLYHFU\VWDOORJUDSKLFRULHQWDWLRQDQDO\VLV180 
(OHFWURQEDFNVFDWWHUGLIIUDFWLRQ(%6'LQYHVWLJDWLRQZDVSHUIRUPHGXVLQJD=HLVV(920D181 
VFDQQLQJHOHFWURQPLFURVFRSH6(0KRXVHGDW0DFTXDULH*HRDQDO\WLFDODW0DFTXDULH182 
8QLYHUVLW\6\GQH\$GGLWLRQDOGDWDZDVDOVRFROOHFWHGRQD=HLVV8OWUD3OXV6(0DWWKH183 
$XVWUDOLDQ&HQWUHIRU0LFURVFRS\DQG0LFURDQDO\VLV$&00DWWKH8QLYHUVLW\RI6\GQH\184 
(WFKHGSROLVKHGWKLFNVHFWLRQVFȝPZHUHDQDO\VHGDWDQDFFHOHUDWLQJYROWDJHRI±185 
N9ZLWKDEHDPFXUUHQWRIQ$DQGDZRUNLQJGLVWDQFHRIa±PP(OHFWURQ186 
EDFNVFDWWHUGLIIUDFWLRQSDWWHUQVZHUHDXWRPDWLFDOO\DFTXLUHGDQGLQGH[HGXVLQJ2[IRUG187 
,QVWUXPHQWV$]7(&VRIWZDUHKWWSVZZZR[IRUGLQVWUXPHQWVFRP7KH(%6'SDWWHUQV188 
ZHUHFROOHFWHGLQUHJXODUJULGVZKHUHWKHVDPSOLQJVWHSVL]HYDULHGIURPWRȝPIRU189 
GHWDLOHGPLFURVWUXFWXUDODUHDVDQGWRȝPIRUZKROHWKLQVHFWLRQPDSSLQJ)RUHDFKGDWD190 
SRLQWWKHFU\VWDOORJUDSKLFRULHQWDWLRQRIWKHPLQHUDOZDVGHWHUPLQHGEDVHGRQ.LNXFKL191 
GLIIUDFWLRQSDWWHUQV3ULRUHWDO3RVWSURFHVVLQJZDVXQGHUWDNHQLQWKH&KDQQHO192 
7$1*2VRIWZDUH2[IRUG,QVWUXPHQWVIROORZLQJSURFHGXUHVGHVFULEHGE\3ULRUHWDO193 
DQG3LD]RORHWDO7KHSRVWSURFHVVLQJPHWKRGVDUHGHVLJQHGWRUHPRYHIDOVHGDWD194 
PLVLGHQWLILHGGXULQJVFDQQLQJDQGWRHQKDQFHGDWDFRQWLQXLW\RYHUWKHPLFURVWUXFWXUHVLQ195 
UHODWLRQWRWKHRYHUDOOVFDQLQGH[UDWH0RGDODEXQGDQFHVZHUHGHWHUPLQHGXVLQJYROXPH196 
FDOFXODWLRQVRQWKLQVHFWLRQVFDOH(%6'PDSVLQ&KDQQHO7DEOH7KHFDOFXODWLRQVZHUH197 
FRPSDUHGWRPLQHUDOHTXLOLEULDPRGHOOLQJUHVXOWVRI&KDSPDQHWDOWRDVVHVVWKH198 
SRWHQWLDOH[WHQWRIHTXLOLEUDWLRQ199 
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 ,QWKHIROORZLQJDQDO\VLVJUDLQVDUHGHILQHGDVDUHDVHQFORVHGE\ERXQGDULHVRI200 
JUHDWHUWKDQRIPLVRULHQWDWLRQUHIHUULQJWRWKHGLVWRUWLRQRIWKHFU\VWDOOLQHODWWLFH201 
ERXQGDULHVZLWKPLVRULHQWDWLRQVOHVVWKDQEXWJUHDWHUWKDQDUHUHIHUUHGWRDVORZDQJOH202 
ERXQGDULHV,IWKHORZDQJOHERXQGDULHVKDYHFU\VWDOORJUDSKLFURWDWLRQDOFKDUDFWHULVWLFVDQG203 
ODWWLFHGLVWRUWLRQVFRQVLVWHQWZLWKUHFRYHU\WKH\DUHGHILQHGDVVXEJUDLQERXQGDULHVVJE204 
*UDLQLQWHUQDOVWUDLQZDVHVWLPDWHGIROORZLQJ3LD]RORHWDOZKHUHDJUDLQZLWKDQ205 
DYHUDJHLQWHUQDOPLVRULHQWDWLRQRILVGHQRWHGDVVXEVWUXFWXUHIUHH206 
:HXWLOL]HWKHVWUHQJWKRIWKHFU\VWDOORJUDSKLFSUHIHUUHGRULHQWDWLRQ&32DVDQ207 
DGGLWLRQDOPHDVXUHRIVWUDLQLQWHQVLW\7KLVKDVEHHQHYDOXDWHGE\FDOFXODWLQJWKHWH[WXUH208 
LQGH[-DIWHU%XQJHLQWKH07(;VRIWZDUHSDFNDJH0DLQSULFHHWDOIRU209 
RPSKDFLWHDQGSODJLRFODVH7KHWH[WXUHLQGH[KDVDYDOXHRIRQHIRUDUDQGRPGLVWULEXWLRQ210 
DQGDQLQILQLWHYDOXHIRUDVLQJOHFU\VWDO%XQJH211 
0LQHUDOFKHPLVWU\212 
0LQHUDOFKHPLFDOGDWDIRUWKHVWXGLHGVDPSOHVDQGVSHFLILFPLFURVWUXFWXUHVSUHVHQWHGKHUH213 
7DEOHFRPSOHPHQWVGHWDLOPLQHUDOFKHPLFDOUHODWLRQVKLSVDOUHDG\SXEOLVKHGRQWKH214 
%UHDNVHD2UWKRJQHLVV'H3DROLHWDO&ODUNHHWDO&KDSPDQHWDO7KH215 
PDMRUHOHPHQWFRQWHQWRIWKHURFNIRUPLQJPLQHUDOVZDVGHWHUPLQHGXVLQJWKHVDPHSROLVKHG216 
WKLQWKLFNVHFWLRQVDVWKRVHIRU(%6'DQGD&$0(%$;6;HOHFWURQPLFURSUREH(03217 
KRXVHGDW0DFTXDULH*HRDQDO\WLFDO2SHUDWLQJFRQGLWLRQVIRUWKH(03LQYROYHGN9218 
DFFHOHUDWLQJYROWDJHDQGDEHDPFXUUHQWRIQ$(QHUJ\GLVSHUVLYHVSHFWURPHWU\;UD\219 
PDSVFROOHFWHGVLPXOWDQHRXVO\GXULQJ(%6'DFTXLVLWLRQRQWKH=HLVV6(0VKRXVHGDWERWK220 
0DFTXDULH*HRDQDO\WLFDODQG$&00SURYLGHGDGGLWLRQDOLQIRUPDWLRQRQVSDWLDOO\UHVROYHG221 
FKHPLFDOGLIIHUHQFHVIRUWKHODUJHUVFDOHPLFURVWUXFWXUDODVVHVVPHQW*DUQHWVWRLFKLRPHWU\222 
DQGIHUULFLURQFRUUHFWLRQZDVDSSOLHGDIWHU'URRSZKHUHDVFOLQRS\UR[HQHHQG223 
PHPEHUFDOFXODWLRQVIROORZ0RULPRWR224 
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225 
7LPLQJRIPLQHUDOJURZWK226 
:HXVHWKHWLPLQJUHODWLRQVKLSVRIPLQHUDOJURZWKUHODWLYHWR6FU\VWDOSODVWLFGHIRUPDWLRQWR227 
GLVWLQJXLVKEHWZHHQGLIIHUHQWFU\VWDOJURZWKSHULRGVQDPHO\SUH'LJQHRXVV\QDQGSRVW228 
'PHWDPRUSKLF7RGLVWLQJXLVKEHWZHHQLJQHRXVUHOLFWVDQGV\QGHIRUPDWLRQDOJURZWKZH229 
GHVLJQDWHGJUDLQDVQHREODVWLFLIWKH\H[KLELWLORZLQWHUQDOPLVRULHQWDWLRQLLDVPDOO230 
JUDLQVL]HȝPLLLDSURQRXQFHGFU\VWDOORJUDSKLFSUHIHUUHGRULHQWDWLRQ&32WKDW231 
PDWFKHVDFROOHFWLYHPD[LPXPDQGLYDFKHPLFDOGLVWLQFWLRQWKDWPDWFKHVSUHGLFWHG232 
PHWDPRUSKLFPLQHUDOHTXLOLEULDHJMDGHLWHULFKRPSKDFLWHJURVVXODUULFKJDUQHWDQGDOELWLF233 
SODJLRFODVHDVLGHQWLILHGE\&KDSPDQHWDO$OORWKHUJUDLQVWKDWGRQRWILWWKHVH234 
FULWHULDDUHFRQVLGHUHGWREHLJQHRXVUHOLFWV7KHUHOLFWVDGGLWLRQDOO\SUHVHUYHWKHLURZQ235 
ZHDNHULJQHRXV&32WRJHWKHUZLWKLJQHRXVPLFURVWUXFWXUHVHJ9HUQRQHWDO236 
,JQHRXVUHOLFWVDQGQHREODVWLFYROXPHVZHUHFDOFXODWHGYLDWKHFRPELQDWLRQRIWKHVHFULWHULD237 
IURPODUJH(%6'FRPELQHGZLWKWKHVLPXOWDQHRXVO\DFTXLUHG('6PDSVZLWKLQWKH7$1*2238 
VRIWZDUH'LIIXVLYHPRGLILFDWLRQRIWKHLJQHRXVUHOLFWVZDVQRWDFFRXQWHGIRULQWKHYROXPH239 
FDOFXODWLRQVGXHWKHGHOLFDWHVFDOHRIWKHVHIHDWXUHV,QJHQHUDOO\WKHPHWKRGELDVHVWRZDUGV240 
ODUJHUIHDWXUHVDVDQ\IHDWXUHVPDOOHUWKDQWLPHVWKHDQDO\VLVVWHSVL]HFDQQRWEHUHVROYHG241 
+RZHYHURSWLFDODQDO\VLVVKRZVWKDWYHU\IHZIHDWXUHVDUHDWWKLVUDQJHFI)LJ242 
)XUWKHUPRUHWKHVORZLJQHRXVFRROLQJWLPHVRIWKHRUWKRJQHLVVF±0\UVXJJHVWHGE\8±243 
3E]LUFRQDQG6P±1GJDUQHWDJHVJUHDWO\PLQLPLVHVWKHVHOLPLWDWLRQVHJ6WRZHOOHWDO244 
$OWKRXJKRFFXUUHQFHVRIODWHPDJPDLQMHFWLRQVFRXOGSDUWLDOO\REVFXUHWKHVWUXFWXUDO245 
UHODWLRQVKLSV&ODUNHHWDOWKXVWKHVHDUHDVZHUHSXUSRVHO\DYRLGHGGXULQJVDPSOLQJ246 
5(68/76247 
&U\VWDOORJUDSKLFSUHIHUUHGRULHQWDWLRQV&32248 
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&U\VWDOORJUDSKLFSUHIHUUHGRULHQWDWLRQVIRURPSKDFLWHDQGSODJLRFODVHDUHVKRZQLQ)LJXUHV249 
DQG2PSKDFLWH&32LVGHILQHGE\D!SRLQWPD[LPDFRQWDLQHGZLWKLQWKHIROLDWLRQ250 
SODQHDQG!DQG^`PD[LPXPVIRUPLQJDJLUGOHQRUPDOWRWKHIROLDWLRQ)LJ251 
2PSKDFLWHJUDLQVZLWKRULHQWDWLRQVGLVWLQFWIURPWKLVGRPLQDQW&32LQFOXGHSRUSK\URFODVWV252 
FRDUVHJUDLQIUDFWLRQV!ȝPVPDOOHXKHGUDOJUDLQVLQWKHPDWUL[DQGPLQHUDOLQFOXVLRQV253 
LQJDUQHWFRUHV)LJ7KHSULQFLSOHD[HVRIWKHVHJUDLQVGRQRWFRLQFLGHZLWKWKH'IDEULF254 
WUDMHFWRULHV)LJKLQVWHDGPDWFKLQJWKH&32SUHVHUYHGLQWKHFXPXODWHOD\HUV)LJ6255 
7KHVWUHQJWK-RIWKH&32LQFUHDVHVIURPWREHWZHHQORZDQGLQWHUPHGLDWHVWUDLQ256 
PRQ]RJDEEURLFJQHLVVDQGIURPWREHWZHHQLQWHUPHGLDWHDQGKLJKVWUDLQ257 
PRQ]RGLRULWLFJQHLVV7KHFKDQJHLVFRQVLVWHQWZLWKWKHYDULDWLRQLQFOXVWHUDVSHFWUDWLRV)LJV258 
E	3ODJLRFODVH&32LQYROYHVD!SRLQWPD[LPDSDUDOOHOWRWKHOLQHDWLRQDQG!259 
D[LVDQGSROHVQRUPDOWRWKHIROLDWLRQ)LJ7KHSODJLRFODVHIDEULFSURJUHVVLYHO\260 
VWUHQJWKHQVIURPORZWRLQWHUPHGLDWHVWUDLQPRQ]RJDEEURLFJQHLVV- WRDQG261 
IURPLQWHUPHGLDWHWRKLJKVWUDLQPRQ]RGLRULWLFJQHLVVWR%RWKWKHVH&32DUH262 
FRQVLVWHQWZLWKODUJHGDWDFRPSLODWLRQVRIWKH:)2IURPGLVWLQFWVWUXFWXUDOOHYHOV&\SU\FK263 
HWDO264 
0LFURVWUXFWXUHVDQGTXDQWLWDWLYHRULHQWDWLRQDQDO\VLV265 
$FFRUGLQJWRWKHILQLWHVWUDLQDQDO\VLV)LJDQGLQFUHDVLQJ-LQGH[RISODJLRFODVHDQG266 
RPSKDFLWH)LJV±ZHGHVFULEHWKHPLFURVWUXFWXUHVLQWKHRUGHURILQFUHDVLQJVWUDLQ/RZ267 
VWUDLQVDPSOHVDVWKRVHWKDWH[KLELWDQDYHUDJH$5RI' ±LQWHUPHGLDWHVWUDLQ268 
VDPSOHVVKRZDYHUDJH$5' ±ZKLOHKLJKVWUDLQVDPSOHVDUH269 
FKDUDFWHUL]HGE\DYHUDJH$5!' ±)LJE	270 
/RZVWUDLQPRQ]RJDEEURLFJQHLVV'271 
/RZVWUDLQVDPSOHVRIPRQ]RJDEEURLFJQHLVVDUHJHQHUDOO\FRDUVHJUDLQHG±ȝP272 
ZLWKHTXDQWWRHORQJDWHPDILFJUDLQFOXVWHUVRIJDUQHWDQGRPSKDFLWH$5 ±/DUJH273 
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RPSKDFLWH±ȝPLQPRVWJUDLQFOXVWHUVKDVLQWUDFU\VWDOOLQHODWWLFHGLVWRUWLRQVRI±274 
DQGLVVXUURXQGHGE\VPDOOHUQHREODVWVZLWKVHUUDWHGJUDLQERXQGDULHVDQGORZLQWHUQDO275 
GHIRUPDWLRQ)LJVDD	E7KHODUJHRPSKDFLWHFRUHVKDYHIDFHWWHGLQFOXVLRQVRI276 
SODJLRFODVH)LJE7DEXODURPSKDFLWHJUDLQVKDSHVZLWKVWUDLJKWFRLQFLGHQWIDFHVDQGORZ277 
DSSDUHQWGLKHGUDODQJOHVFDQEHSUHVHQWLQVRPHFOXVWHUVDQGORFDOO\LQWHUJURZQZLWK278 
SODJLRFODVHODWKVLQVWUDLQVKDGRZV)LJD*UDLQFRUHVRIODUJHJDUQHWKDYHUXWLOH279 
H[VROXWLRQODPHOODHDQGHXKHGUDOLQFOXVLRQVRIDQWLSHUWKLWHIHOGVSDUDQGRPSKDFLWH)LJF280 
*DUQHWSRUSK\URFODVWVDUHJHQHUDOO\VXEVWUXFWXUHIUHHWKRXJKORZDQJOHERXQGDULHVZLWKXS281 
WRRIPLVRULHQWDWLRQFDQEHSUHVHQW)LJD7KHGLVWULEXWLRQRIFU\VWDOORJUDSKLF282 
RULHQWDWLRQVDFURVVWKHVHJDUQHWERXQGDULHVGHILQHURWDWLRQDOFKDUDFWHULVWLFVFRQVLVWHQWZLWK283 
VXEJUDLQDUUD\V)LJF7KHSODJLRFODVHULFKPDWUL[DZD\IURPVWUDLQVKDGRZVRUPDILF284 
FOXVWHUPDUJLQVLVJHQHUDOO\JUDQREODVWLF±ȝPZLWKWH[WXUDOO\HTXLOLEUDWHGWULSOH285 
MXQFWLRQV)LJG$WWKHPDUJLQVRIPDILFFOXVWHUVSODJLRFODVHJUDLQVL]HLV286 
DSSUHFLDEO\UHGXFHGȝPDQGFRUHDQGPDQWOHPLFURVWUXFWXUHVDUHPRUHFRPPRQ)LJ287 
G7KHSODJLRFODVHSRUSK\URFODVWV!ȝPH[KLELWXQGXORVHH[WLQFWLRQWDSHUHG288 
GHIRUPDWLRQWZLQVDQGLUUHJXODURUVXWXUHGJUDLQERXQGDULHVZLWKPLQRUEXOJLQJ7KHSULPDU\289 
JUDLQIRUPLVFRQVLVWHQWZLWKFRLQFLGHQWDOGLKHGUDODQJOHVEHLQJSDUWLDOO\RYHUSULQWHGGXULQJ290 
UHFU\VWDOOL]DWLRQ)LJG7KHSRUSK\URFODVWVH[KLELWLQWHUQDOPLVRULHQWDWLRQRIXSWR291 
DORQJWKHHQWLUHGLDPHWHURIWKHJUDLQ6XUURXQGLQJWKHSRUSK\URFODVWVDUHILQHȝP292 
SODJLRFODVHQHREODVWV)LJG293 
,QWHUPHGLDWHVWUDLQPRQ]RJDEEURLFJQHLVV%294 
*QHLVVLFOD\HULQJLVSURQRXQFHGLQLQWHUPHGLDWHO\VWUDLQHGPRQ]RJDEEURLFJQHLVVPP295 
)LJD7KHDWWHQXDWHGDQGDV\PPHWULFPDILFFOXVWHUV$5 ±GLVWLQFWLYHO\DQDVWRPRVH296 
DURXQGODUJHJDUQHWSRUSK\URFODVWV!ȝP)LJVD	F2PSKDFLWHSRUSK\URFODVWV297 
±ȝPLQFOXVWHULQWHULRUVDUHHTXDQWWRZHDNO\HORQJDWH$5 ±7KH298 
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SRUSK\URFODVWVGLVSOD\VLJQLILFDQWLQWUDFU\VWDOOLQHODWWLFHGLVWRUWLRQ±DQGYDULDEOH299 
GHJUHHVRIORZDQJOHERXQGDU\GHYHORSPHQW)LJVH	I6PDOOHURPSKDFLWHJUDLQVIRUP300 
WDLOVWRPDILFFOXVWHUV±ȝPDQGJHQHUDOO\KDYHOHVVLQWHUQDOODWWLFHGLVWRUWLRQ301 
WKRXJKVRPHH[KLELWORZDQJOHERXQGDU\DUUD\V)LJVH	J$OORPSKDFLWHJUDLQVPDLQWDLQ302 
FORVHWRPXWXDOMXQFWLRQV3RUSK\URFODVWLFJDUQHWJHQHUDOO\KDVOLPLWHGFU\VWDOODWWLFH303 
GLVWRUWLRQUDQJLQJXSWRDFURVVWKHJUDLQV$OWKRXJKVRPHJUDLQVKDYHORZDQJOH304 
ERXQGDULHVZLWKXSWRaRIGLVWRUWLRQ)DFHWWHGLQFOXVLRQVRIVXEVWUXFWXUHIUHHRPSKDFLWH305 
DUHSUHVHQWLQWKHJDUQHWFRUHV&RURQDWHJDUQHWVXUURXQGVVRPHPDILFFOXVWHUV3ODJLRFODVH306 
H[KLELWVOHVVSUHYDOHQWFRUHDQGPDQWOHPLFURVWUXFWXUHVWKDQSUHVHQWLQWKHORZHUVWUDLQ307 
VDPSOHVDOWKRXJKZKHQSUHVHQWWKH\RFFXULQWKHFHQWUHRIIHOGVSDUULFKGRPDLQV)LJI308 
3ODJLRFODVHSRUSK\URFODVWV±ȝPH[KLELWLQWUDFU\VWDOOLQHODWWLFHGLVWRUWLRQRIaDQG309 
KDYHGHYHORSHGVXEJUDLQUHJLRQVVLPLODULQVL]HWRPDQWOHGJUDLQV±ȝP)LJI310 
2XWVLGHRIWKHVHGRPDLQVJUDQREODVWLFKDELWSUHGRPLQDWHVWKHIHOGVSDUULFKPDWUL[+LJKO\311 
GHIRUPHGRPSKDFLWHILVKXSWRȝPRFFXURFFDVLRQDOO\LQWKHIHOGVSDUULFKPDWUL[)LJ312 
313 
,QWHUPHGLDWHVWUDLQPRQ]RGLRULWLFJQHLVV7314 
$V\PPHWULFJQHLVVLFOD\HULQJDQGVWUHWFKLQJLVH[WUHPHO\SURQRXQFHGLQLQWHUPHGLDWHVWUDLQ315 
PRQ]RGLRULWLFJQHLVV$5 ±(ORQJDWHRPSKDFLWHJUDLQVKDSHVDUHDSSDUHQWIRUODUJH316 
FU\VWDOVȝPWKDWGHILQHLUUHJXODUKDELWV)LJVJ	D/DUJHWDEXODURPSKDFLWHJUDLQV317 
KDYHWLWDQRKHPDWLWHH[VROXWLRQODPHOODHLQJUDLQFRUHV7KHRPSKDFLWHSRUSK\URFODVWVKDYH318 
VLJQLILFDQWLQWHUQDOODWWLFHGLVWRUWLRQXSWRORFDOLVHGDORQJFXUYHGORZDQJOHERXQGDULHV319 
!)LJVE	G7KHURWDWLRQRIWKHFU\VWDOORJUDSKLFD[HVDFURVVWKHORZDQJOHERXQGDULHV320 
LVFRQVLVWHQWZLWKWKHPUHSUHVHQWLQJVXEJUDLQDUUD\V)LJI7KHVL]HRIWKHDUHDVHQFORVHG321 
E\WKHVXEJUDLQVERXQGDULHVaȝPPDWFKWKHVL]HVRIHTXDQWILQHUJUDLQVWKDWIRUPWKH322 
IODVHUWDLOV7KHJUDLQVIRUPLQJWKHWDLOVKDYHORZLQWHUQDOPLVRULHQWDWLRQRUDUH323 
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VXEVWUXFWXUHIUHH)LJVF	H7KHSODJLRFODVHPDWUL[LVW\SLFDOO\JUDQREODVWLFZLWK324 
SUHYDOHQWHTXLOLEULXPWULSOHMXQFWLRQV/DUJHSODJLRFODVHJUDLQV!ȝPKDYHDQ325 
DEXQGDQFHRIWDSHUHGDOELWHWZLQVZKLFKDFFRPPRGDWHPRVWRIWKHODWWLFHGLVWRUWLRQ326 
$OWKRXJKVRPHSODJLRFODVHJUDLQVKDYHPLVRULHQWDWLRQRIXSWRDFFRPPRGDWHGDORQJ327 
VXEJUDLQERXQGDU\DUUD\V'LVWLQFWLQWHUJURZWKVaȝPRI.IHOGVSDUDQGSODJLRFODVH328 
RFFXULQWKHVWUDLQVKDGRZVDQGDURXQGWKHPDUJLQVRIHORQJDWHJUDLQFOXVWHUV7KH329 
LQWHUJURZWKVVKRZVLPLODULW\LQWKHFU\VWDOORJUDSKLFRULHQWDWLRQVEHWZHHQERWKIHOGVSDU330 
PLQHUDOV3ODJLRFODVHJUDLQVZLWKLQWKHLQWHUJURZWKVKDVGHIRUPDWLRQIRFXVVHGRQDOELWHWZLQV331 
ZKHUHDV.IHOGVSDUKDVLQWUDFU\VWDOOLQHODWWLFHGLVWRUWLRQVRIXSWR332 
+LJKVWUDLQPRQ]RGLRULWLFJQHLVV&333 
0DILFJUDLQFOXVWHUVLQKLJKVWUDLQPRQ]RGLRULWLFJQHLVVDUHH[WUHPHO\VWUHWFKHG$5RIXSWR334 
7KHFOXVWHUVDUHHQYHORSHGHQWLUHO\E\JDUQHWQHFNODFHVLQWHUJURZQZLWKTXDUW]DQGUXWLOH335 
)LJJ*DUQHWLQWKHVHVWUXFWXUHVKDVYHUPLFXODUWRWDEXODWHTXDUW]LQFOXVLRQVFRPPRQO\336 
DOLJQHGVXESDUDOOHOWRLWVFU\VWDOIDFHV2PSKDFLWHDQGIHOGVSDUDUHJUDQREODVWLFDQG337 
JHQHUDOO\HTXDQWWKRXJKHORQJDWHGRPSKDFLWHFDQRFFXULQFOXVWHULQWHULRUV$5RIXSWR338 
7KHVHHORQJDWHGRPSKDFLWHJUDLQVDUHODUJH±ȝPDQGVXUURXQGHGE\VPDOOHU339 
HTXDQWRPSKDFLWHJUDLQV±ȝP)LJJ$OORPSKDFLWHKDVPRVWLQWHUQDO340 
PLVRULHQWDWLRQFRPSOHWHO\ORFDOLVHGLQORZDQJOHERXQGDULHVWRJHWKHUZLWKWULSOH341 
MXQFWLRQVDSSURDFKLQJ)LJVJ	L7KHRPSKDFLWHJUDLQVDGMDFHQWWRJDUQHWFRURQDH342 
DUHIUHHRIVXEVWUXFWXUH)LJVO	N7KHQHLJKERXULQJJDUQHWJUDLQVDOVRJHQHUDOO\ODFNDQ\343 
VXEVWUXFWXUH0RVWRIWKHJDUQHWJUDLQVKDYHVLPLODUFU\VWDOORJUDSKLFRULHQWDWLRQVDQGDUH344 
VHSDUDWHGIURPDGMDFHQWJUDLQVE\DVHULHVRIORZDQJOHVERXQGDULHV±)LJJ$OOWKH345 
JUDLQVKDYHFU\VWDOORJUDSKLFRULHQWDWLRQUHODWLRQVKLSVPLPLFNLQJQHLJKERXULQJRPSKDFLWH346 
)LJO7KHPDWUL[RIWKHJQHLVVFRPSULVHVFRDUVHSODJLRFODVH±ȝPZLWKPRVW347 
SUHVHUYLQJWDSHUHGGHIRUPDWLRQWZLQV)LJK7KHSODJLRFODVHJUDLQVKDYHZHOOGHILQHG348 
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VXEJUDLQERXQGDULHVZKHUHFU\VWDOODWWLFHPLVRULHQWDWLRQXSWRLVORFDOLVHG0LQRU349 
SURSRUWLRQVRIILQHJUDLQHGSODJLRFODVHȝPRFFXUDWWKHWULSOHMXQFWLRQVRIWKHODUJHU350 
JUDLQV.IHOGVSDUȝPRFFXUVH[FOXVLYHO\LQDQHQYHORSLQJWH[WXUHDURXQGJDUQHW351 
FRURQDHGHILQLQJHORQJDWHGDQGLUUHJXODUVKDSHVWKDWDUHRULHQWDWHGZLWKLQWKHIROLDWLRQSODQH352 
)LJI353 
0LQHUDOFKHPLVWU\354 
&OLQRS\UR[HQHLVRPSKDFLWHZLWKMDGHLWHFRQWHQWV-G 355 
>1D1D&D0J)H$O0$O0)H0@YDU\LQJWKURXJKRXWWKHIHOVLFSRUWLRQV356 
RIWKHRUWKRJQHLVV2PSKDFLWHJUDLQFRUHVLQORZVWUDLQPRQ]RJDEEURLFJQHLVVKDYHORZHU357 
MDGHLWHFRQWHQW-G±WKDQULPVRUQHREODVWV-G±)LJ$QHTXLYDOHQWWKRXJK358 
VOLJKWO\PRUHSURQRXQFHGPLFURVWUXFWXUDOYDULDWLRQLQMDGHLWHFRQWHQWLVSUHVHQWLQ359 
LQWHUPHGLDWHVWUDLQPRQ]RJDEEURLFDQGPRQ]RGLRULWLFJQHLVVHVZLWKORZHUDEVROXWHYDOXHV360 
SRUSK\URFODVWVKDYHFRUHWRULP]RQLQJRI-G±ZKHUHDVJUDLQVLQFOXVWHUWDLOVDUH-G±361 
)LJ2PSKDFLWHLQKLJKVWUDLQVDPSOHVKDVDWLJKWFRPSRVLWLRQDOUDQJHRI-G±)LJ6362 
 *DUQHWHQGPHPEHUSURSRUWLRQVZHUHFDOFXODWHGDVIROORZV$OP 363 
)H)H0Q0J&D3\S 0J)H0Q0J&D*UV 364 
&D)H0Q0J&DDQG6SV 0Q)H0Q0J&D*DUQHWFRUHVLQ365 
PRQ]RJDEEURLFJQHLVVKDYHWKHORZHVWJURVVXODUDQGKLJKHVWS\URSHFRQWHQW$OP±3\S±366 
*UV±6SV±HQFORVHGE\FRPSDUDWLYHO\JURVVXODUHQULFKHGULPV$OP±3\S±*UV±367 
6SV±)LJ*DUQHWLQLQWHUPHGLDWHVWUDLQPRQ]RGLRULWLFJQHLVVKDVFRUHFRPSRVLWLRQVRI368 
$OP±3\S±*UV±6SV±]RQLQJWRULPVWKDWDUHULFKHULQJURVVXODU*UV±EXWZLWK369 
ORZHUS\URSH3\S±FRQWHQW)LJ*DUQHWFRPSRVLWLRQVLQKLJKVWUDLQPRQ]RGLRULWLF370 
JQHLVVEURDGO\PDWFKWKDWRIJDUQHWULPVLQLQWHUPHGLDWHVWUDLQVDPSOHV$OP±3\S±371 
*UV±6SV±)LJ372 
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 (QGPHPEHUSURSRUWLRQVRIIHOGVSDUVZHUHFDOFXODWHGDVIROORZV$Q 373 
&D&D1D.$E 1D&D1D.DQG2U .&D1D.7KHFRUHVRIODUJH374 
SODJLRFODVHSRUSK\URFODVWVLQPRQ]RJDEEURLFJQHLVVDUHFRPSDUDWLYHO\HQULFKHGLQDQRUWKLWH375 
$Q±$E±2U±DQGHQFORVHGE\OHVVDQRUWKLWLFULPV$Q±$E±2U)LJ&RUH376 
FRPSRVLWLRQVRISODJLRFODVHIURPLQWHUPHGLDWHVWUDLQPRQ]RJDEEURLFJQHLVVDUHOHVV377 
DQRUWKLWLF$Q$E2UWKDQULPV$Q±$E±2U±)LJ6LPLODUSODJLRFODVHFRUH±ULP378 
UHODWLRQVKLSRFFXUVLQLQWHUPHGLDWHVWUDLQPRQ]RGLRULWLFJQHLVVFRUH$Q$E2UDQGULP379 
$Q±$E±2U±)LJ3ODJLRFODVHJUDLQFRUHVLQKLJKVWUDLQPRQ]RGLRULWLFJQHLVVKDYH380 
FRPSRVLWLRQV$Q±WKDWPDWFKWKRVHRIULPVIURPLQWHUPHGLDWHVWUDLQPRQ]RGLRULWLF381 
JQHLVVZKLOVWULPVDUHPRUHDOELWLF$Q±$E±2U±2UWKRFODVH$Q±$E±2U±382 
RFFXUVLQWHUJURZQZLWKDOELWLFSODJLRFODVH$Q$E)LJ383 
',6&866,21384 
7KHORZHUFRQWLQHQWDOFUXVWLVFRPPRQO\HQYLVDJHGWREHSHUYDVLYHO\GHIRUPHG%UJPDQQ385 
	'UHVHQEXWIHDWXUHVLQPDQ\H[SRVHGVHFWLRQVDUHFRQVLVWHQWZLWKJURVVO\386 
KHWHURJHQHRXVVWUDLQ$XVWUKHLPHWDO:KLWH	&ODUNH,QVXFKH[DPSOHV387 
VWURQJOLQNVFDQEHHVWDEOLVKHGEHWZHHQUHJLRQVRIGHIRUPDWLRQDQGHQKDQFHGPHWDPRUSKLF388 
WUDQVIRUPDWLRQ$XVWUKHLPHWDO:KLWH	&ODUNH-DPWYHLWHWDO389 
:LOOLDPVHWDO6DWVXNDZDHWDO7KH%UHDNVHD2UWKRJQHLVVLVRQHVXFK390 
LQVWDQFHZKHUHYDULDWLRQVLQSODQHVWUDLQPDJQLWXGHDUHVWURQJO\FRXSOHGZLWKWKHH[WHQWRI391 
KLJK3&UHWDFHRXVPHWDPRUSKLVP)LJVE	E&ODUNHHWDO&KDSPDQHWDO392 
'HWDLOHGPLQHUDOFKHPLFDOVWXGLHVKDYHGLVWLQJXLVKHGLJQHRXVIURPPHWDPRUSKLF393 
JDUQHWLQWKHRUWKRJQHLVVDQGFRUUHODWHGWKHLUEURDGGLVWULEXWLRQLQUHODWLRQWRVWUDLQ&ODUNHHW394 
DO$VLPLODUVSDWLDOGLVWULEXWLRQLVDSSDUHQWIRUWKHRWKHUURFNIRUPLQJPLQHUDOVWKHUH395 
LVDVWURQJDVVRFLDWLRQEHWZHHQUHFU\VWDOOL]DWLRQDQGPHWDPRUSKLFHTXLOLEUDWLRQ7KLV396 
FRLQFLGHQFHSUHVHQWVWKHRSSRUWXQLW\WRTXDQWLI\WKHSURSRUWLRQVRILJQHRXVDQGQHREODVWLF397 
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PDWHULDOVVXPPDULVHGLQ)LJ&DXVDOOLQNVHVWDEOLVKHGLQWZRGLPHQVLRQVDWWKHJUDLQ398 
VFDOHFDQEHH[WHQGHGWRWKHURFNYROXPHDQGWKHRXWFURSVFDOHEDVHGRQILHOGPDSSLQJ)LJV399 
±7KHVHGDWDUHYHDOWKHHIILFLHQF\RIPHWDPRUSKLVPDQGLWVOLQNVWRFU\VWDOSODVWLF400 
GHIRUPDWLRQWKDWVHHPVFRPPRQLQORZHUFUXVWDOURFNV401 
4XDQWLI\LQJLJQHRXV vs. PHWDPRUSKLFJURZWKDWRROWRDVVHVVPHWDPRUSKLFHIILFLHQF\402 
5RFNPLFURVWUXFWXUHFDQLQFOXGHIHDWXUHVWKDWGLVWLQJXLVKSHULRGVRIPLQHUDOJURZWKLQ403 
DGGLWLRQWRWKHHIIHFWVRIH[WHUQDOVWUHVV,QDVLPSOHVHQVHGLIIHUHQFHVVKRXOGEHREVHUYDEOH404 
EHWZHHQPLQHUDOVWKDWKDYHODUJHO\FU\VWDOOL]HGIURPDVLOLFDWHOLTXLGLJQHRXVDQGWKRVH405 
UHODWHGWRJURZWKLQWKHVROLGVWDWHPHWDPRUSKLF9HUQRQHWDO+ROQHVVHWDO406 
6RPHUHOHYDQWLJQHRXVPLFURVWUXFWXUDOIHDWXUHVLQFOXGHDIWHU9HUQRQHWDOHXKHGUDO407 
FU\VWDOIRUPIDFHWWHGLQFOXVLRQVDQGGLKHGUDODQJOHVFRQVLVWHQWZLWKPXWXDOLPSLQJHPHQW408 
3DWHUVRQHWDO+ROQHVVHWDO7\SLFDOO\WKHVHIHDWXUHVDUHRYHUSULQWHG409 
GXULQJPLFURVWUXFWXUDOPDWXUDWLRQUHFRYHU\DVDFRQVTXHQFHRISURORQJHGKHDWLQJRU410 
SURJUHVVLYHGHIRUPDWLRQHJ9HUQRQHWDO+ROQHVVHWDO+RZHYHUWKHHIIHFWV411 
RIVWUDLQSDUWLWLRQLQJFDQOHDYHDUHDVWKDWSDUWLDOO\SUHVHUYHLJQHRXVPLFURVWUXFWXUHLQ412 
PHFKDQLFDOO\VWURQJJUDLQVVXFKDVS\UR[HQHRUJDUQHWLQFOXGLQJIDFHWHGHXKHGUDOLQFOXVLRQV413 
ORZDSSDUHQWGLKHGUDODQJOHVDQGGHOLFDWHH[VROXWLRQWH[WXUHV&KDSPDQHWDO7KH414 
DGGLWLRQDOXVHRIFU\VWDORULHQWDWLRQGDWDODWWLFHGLVWRUWLRQDQGPLQHUDOFKHPLVWU\H[SDQGVWKH415 
FULWHULDWKDWFDQEHXVHGWRTXDQWLI\WKHSURSRUWLRQVRILJQHRXVYHUVXVPHWDPRUSKLFPLQHUDOV416 
 3ODVWLFVWUDLQLQWKH%UHDNVHD2UWKRJQHLVVGXULQJ'UHVXOWHGLQDZHOOGHILQHG417 
FU\VWDOORJUDSKLFIDEULFWKDWGHYHORSHGFRQFXUUHQWO\ZLWKDJHQHUDOUHGXFWLRQLQJUDLQVL]HHJ418 
8UDLHWDO<XQG	7XOOLV6WQLW]7KHHIIHFWVRIKHWHURJHQRXV419 
GHIRUPDWLRQDUHPRVWSURQRXQFHGLQGRPDLQVWKDWH[SHULHQFHGORZVWUDLQLQWHQVLW\OHDYLQJ420 
PPWRFPJUDGDWLRQVLQWKHUHFU\VWDOOL]DWLRQRILJQHRXVJUDLQVDQGLQHIILFLHQWUHFRYHU\HJ421 
6YDKQEHUJ	3LD]ROR3RUSK\URFODVWVRIRPSKDFLWHDQGSODJLRFODVHLQORZVWUDLQ422 
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GRPLDQVKDYHDSSUHFLDEOHEXWSDWFK\DUHDVZLWKODWWLFHGLVWRUWLRQ±WKDWDUHVSDWLDOO\423 
UHODWHGWRWKHGHYHORSPHQWRIDVHULHVRIORZDQJOHERXQGDULHV±)LJVL	GRU424 
GHIRUPDWLRQWZLQV)LJ0HFKDQLFDOO\VWURQJJDUQHWKDVFRPSDUDWLYHO\OLPLWHGODWWLFH425 
GLVWRUWLRQDQGJUDLQDUHDVZLWKORZDQJOHERXQGDU\GHYHORSPHQWRFFXUZKHUHWKHUHLVKLJKHU426 
VWUDLQ2WKHUSDUWVRIWKHRUWKRJQHLVVWKDWH[SHULHQFHGKLJKHUVWUDLQKDYHDWWHQXDWHG427 
RPSKDFLWHFOXVWHUVDQGVPDOOHUJUDLQVL]HV)LJV	WKHHIIHFWV'VWUDLQZHUHPRUH428 
SHUYDVLYH,QWKHVHLQVWDQFHVPHWDPRUSKLFJDUQHWLVPRVWO\LQWHUSUHWHGWRKDYH429 
KHWHURJHQHRXVO\QXFOHDWHGRQSKHQRFU\VWDOFOXVWHUVRIJDUQHWDQGRPSKDFLWHUHVXOWLQJLQ430 
SURPLQHQWQHFNODFHPLFURVWUXFWXUHV)LJV	431 
0LFURVWUXFWXUHLQWKH%UHDNVHD2UWKRJQHLVVSUHVHUYHVDQ6&32WKDWGHYHORSHG432 
GXULQJKLJK3FRROLQJLPSRVHGRQDQHDUOLHU&32GHYHORSHGGXULQJFU\VWDOOL]DWLRQRIWKH433 
SURWROLWK)LJ6&\SU\FKHWDO7KHKLJK7FRQGLWLRQVa&LQIHUUHGWRKDYH434 
DFFRPSDQLHG'GHIRUPDWLRQDQGWKHSHUVLVWHQFHRIDEXQGDQWODWWLFHGLVWRUWLRQ)LJVDK	435 
IWH[WXUHLQJDUQHWS\UR[HQHDQGSODJLRFODVHVXSSRUWDQLQWHUSUHWDWLRQWKDW6GHYHORSHGYLD436 
GLVORFDWLRQFUHHSDIWHU3ULRUHWDO%UHQNHUHWDO.UXVHHWDO1HREODVWLF437 
JUDLQVLQORZDQGKLJKVWUDLQVDPSOHVDUHFU\VWDOORJUDSKLFDOO\DOLJQHGZLWK67KH438 
RULHQWDWLRQRIQHREODVWLFRPSKDFLWHDQGSODJLRFODVHLVFRQVLVWHQWZLWKDFWLYHFUHHSDORQJ439 
FRPPRQVOLSV\VWHPV^`>@DQG>@LQRPSKDFLWHDIWHU%UHQNHUHWDO440 
DQG>@LQSODJLRFODVHDIWHU.UXVHHWDO$OWKRXJKOHVVGLVWLQFWWKH441 
FU\VWDOORJUDSKLFDOLJQPHQWRIJDUQHWQHREODVWVLVFRQWUROOHGE\HSLWD[LDOJURZWKRQRPSKDFLWH442 
^`*UW__!2PS)LJO$Q\GHYLDWLRQIURPWKHGRPLQDQW6&32LVWKXVFRQVLGHUHGWR443 
EHSDUWRIDQHDUOLHULJQHRXVIDEULF)LJVG	KPDUNHGE\FRDUVHJUDLQHG444 
SRUSK\URFODVWLFPDWHULDO)LJ445 
 7KHLQWHUSUHWDWLRQRILJQHRXVDQGQHREODVWLFPLFURVWUXFWXUHVUHTXLUHVYDOLGDWLRQ446 
WKURXJKWKHFKDUDFWHULVDWLRQRIPLQHUDOPRGHDQGFKHPLVWU\WKURXJKPLQHUDOHTXLOLEULD447 
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PRGHOOLQJ7DEOHDIWHU'H3DROLHWDO&KDSPDQHWDO7KHKLJKYDULDQFH448 
EUHDNGRZQDQGUHPRYDORISODJLRFODVHWRIRUPRPSKDFLWHEHDULQJDVVHPEODJHVLQWKH449 
%UHDNVHD2UWKRJQHLVVLVDFRQVHTXHQFHRIWKHKLJK3FRROLQJ*UHHQ	5LQJZRRG'H450 
3DROLHWDO&KDSPDQHWDO3HUYDVLYHO\UHFU\VWDOOLVHGGRPDLQVKDYHORZPRGHV451 
RIFRPSDUDWLYHO\DOELWLFSODJLRFODVHMDGHLWHULFKRPSKDFLWH.IHOGVSDUN\DQLWHDQG452 
JURVVXODUULFKJDUQHW7KHPLQHUDODVVHPEODJHVFRUUHVSRQGWR7 &DQG3 *3D453 
)LJ&KDSPDQHWDO3DUWVRIWKH2UWKRJQHLVVWKDWH[SHULHQFHGORZ'VWUDLQKDYH454 
DSSUHFLDEO\KLJKHUPRGHVRIPRUHFDOFLFSODJLRFODVHaWKDQLVSUHGLFWHGE\WKH455 
HTXLOLEULDPRGHOOLQJIRUWKHLQIHUUHGSHDNFRQGLWLRQVa7DEOH'H3DROLHWDO456 
&KDSPDQHWDO7KHKLJKHUPRGHRIFDOFLFSODJLRFODVHLVFRQVLVWHQWZLWKWKDWSUHGLFWHG457 
IRUWKHFU\VWDOOLVDWLRQRIDGU\PRQ]RGLRULWLFOLTXLGDW*3Da&ODUNHHWDO,Q458 
DGGLWLRQSRUSK\URFODVWLFRPSKDFLWHDQGJDUQHWKDYHFKHPLFDOFRPSRVLWLRQVGLVWLQFWWRWKDW459 
WKHPHWDPRUSKLFQHREODVWVJURZQGXULQJUHFU\VWDOOL]DWLRQWKHIRUPHUFORVHO\PDWFKWKH460 
SUHGLFWHGSKHQRFU\VWFRPSRVLWLRQV)LJV	&ODUNHHWDO461 
 7KHFRPELQDWLRQRIWKHVHSHWURORJLFFULWHULDHQDEOHWKHSUHGLFWLRQWKDWLJQHRXVJUDLQV462 
DFFRXQWIRUEHWZHHQDQGRIWKHYROXPHLQORZWRLQWHUPHGLDWHVWUDLQPRQ]RJDEEURLF463 
DQGPRQ]RGLRULWLFJQHLVVZLWKWKHUHPDLQGHUEHLQJQHREODVWV)LJ+LJKO\VWUDLQHG464 
VDPSOHVFRPSULVHFRPSOHWHO\QHREODVWLFPLQHUDODVVHPEODJHV3ODFLQJWKHVHYDULDWLRQVLQWKH465 
FRQWH[WRIREVHUYHGILHOGVWUDLQLQWHQVLWLHV)LJELQGLFDWHVWKDWRIWKHIHOVLF466 
SURSRUWLRQV%UHDNVHD2UWKRJQHLVVFDQEHFRQVLGHUHGWRFRPSULVHLJQHRXVPDWHULDO6RPHRI467 
WKLVZDVSDUWLDOO\PRGLILHGE\FKDQJHVLQWKHFKHPLFDOFRPSRVLWLRQRIWKHPLQHUDOVGXHWRWKH468 
HIIHFWVRIWKHKLJK3PHWDPRUSKLVP+HWHURJHQHRXVVWUDLQFRQGLWLRQVODUJHO\DFFRXQWHGIRU469 
WKHFRQYHUVLRQRIWKHUHPDLQGHUWRRPSKDFLWHJUDQXOLWH470 
,PSOLFDWLRQV0HWDPRUSKLFHIILFLHQF\LQWKHOLWKRVSKHUH471 
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$NQRZOHGJHRISKDVHVWDELOLW\DWGLVWLQFW3DQG7FRQGLWLRQVSURYLGHVWKHEDVLVWRH[WUDSRODWH472 
H[SHULPHQWDOUHVXOWVDQGSUHGLFWOLWKRVSKHULFEHKDYLRXU3RZHOOHWDO%UJPDQQ	473 
'UHVHQ,QH[DPSOHVVXFKDVWKH%UHDNVHD2UWKRJQHLVVWKHHIILFLHQF\RI474 
PHWDPRUSKLVPLQKHUHQWO\FRQWUROOHGWKHSURSRUWLRQVRIPHFKDQLFDOVWURQJDQGZHDNPDWHULDO475 
DQGLWFDQWKXVUHVXOWLQVXEVWDQWLDOFKDQJHVWRORZHUFUXVWDOUKHRORJ\HJ$XVWUKHLPHWDO476 
-DFNVRQHWDO%UJPDQQ	'UHVHQ7KHSUHVHUYDWLRQRIODUJHSURSRUWLRQV477 
RISKHQRFU\VWDOPDWHULDOLQWKLVFDVHVWXG\LQORZHUFUXVWDOURFNVUHIOHFWVVWUDLQ478 
SDUWLWLRQLQJDWWKHPLFURVFRSLFWRPDFURVFRSLFVFDOHVHJ:LOOLDPVHWDO7KLVRQH479 
WKLUGH[WHQWRIPHWDVWDEOHSHUVLVWHQFHZDVFRPPRQDQGSODXVLEO\KLJKHUWKURXJKRXWPXFK480 
WKH&UHWDFHRXV*RQGZDQDPDUJLQQRZH[SRVHGLQ)LRUGODQG%UDGVKDZHWDO'DF]NR481 
	+DOSLQ&KDSPDQHWDO,WLVDOVRFRPPRQLQRWKHUH[SRVXUHVRIORZHUFUXVWDO482 
PDWHULDO$XVWUKHLPHWDO:KLWH	&ODUNH,WVHHPVUHDVRQDEOHWRDVVXPHWKDW483 
WKHHIIHFWVRILQFRPSOHWHPHWDPRUSKLVPDUHOLNHO\WREHPRUHSUHYDOHQWWKDQFRPPRQO\484 
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SURILOHVKRZLQJJUDGXDOODWWLFHGLVWRUWLRQLQSRUSK\URFODVWPDUNHGLQDF0LVRULHQWDWLRQD[LV721 
GLVWULEXWLRQFU\VWDOFRRUGLQDWHUHIHUHQFHIUDPHDFURVVDORZDQJOHERXQGDU\±LQ722 
JDUQHWVKRZQLQDG/RZHUKHPLVSKHUHSROHILJXUHVXWLOLVLQJWKH;<=VWUXFWXUDOUHIHUHQFH723 
IUDPHRQHSRLQWSHUJUDLQ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SURILOHVVKRZLQJJUDGXDOODWWLFHGLVWRUWLRQLQSRUSK\URFODVW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VKRZLQJODWWLFHGLVWRUWLRQDQGVXEJUDLQRULHQWDWLRQDQGPLQHUDO733 
MDGHLWHFRQWHQWLQRPSKDFLWHILVKIURPWKHLQWHUPHGLDWHVWUDLQPRQ]RGLRULWLFJQHLVV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&U\VWDOORJUDSKLFPLVRULHQWDWLRQIURPVSHFLILFUHIHUHQFHSRLQWUHGFURVVDQGDVVRFLDWHG737 
SURILOHVVKRZLQJJUDGXDOODWWLFHGLVWRUWLRQDQGVXEJUDLQRULHQWDWLRQLQRPSKDFLWH738 
SRUSK\URFODVWUDLQERZ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JUHHQ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FU\VWDOFRRUGLQDWHUHIHUHQFHIUDPH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%DFNVFDWWHUHOHFWURQLPDJHRIRPSKDFLWHJUDLQFOXVWHULQKLJKVWUDLQPRQ]RGLRULWLFJQHLVV741 
&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K±N&U\VWDOORJUDSKLFPLVRULHQWDWLRQIURPVSHFLILFUHIHUHQFHSRLQWUHG742 
FURVV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K	M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)LJXUH6FKHPDWLFRIWKHPLFURVWUXFWXUDODQGFKHPLFDOGLVWLQFWLRQVDFURVVPLFURVWUXFWXUHV749 
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